Introduction Diagnostic laparoscopy is the gold standard for evaluating a child with impalpable undescended testis (UDT). During the diagnostic laparoscopy, if the vas and vessels are seen coursing through the inguinal canal, the standard norm is to explore the inguinal canal via an inguinal crease incision. In this study, however, we explored the feasibility of laparoscopic inguinal exploration without any additional inguinal crease incision. Materials and methods The prospective study was done from 1.1.2019 to 30.6. 2019 to assess the feasibility of the laparoscopic inguinal exploration in cases of impalpable undescended testis, where testicular vessels are found to course into the inguinal canal during a diagnostic laparoscopy. The data including the descriptive characteristics, intraoperative findings, and surgical technique were collected and analysed. Results There were 17 cases of impalpable UDT operated in the Department of Pediatric Surgery from January 2019 to June 2019. Mean age of the patients was 8.5 years (1-16 years). Two patients had testicular vas and vessels coursing through the inguinal canal, both of which underwent laparoscopic inguinal exploration. In both of these cases, vas and vessels were found to end in testicular nubbin, at the level of the neck of the scrotum, which were excised laparoscopically, thus avoiding the open inguinal incision. Conclusion Laparoscopic inguinal exploration is a feasible and attractive alternative in cases of impalpable UDT where testicular vas and vessels are found to course through the inguinal ring.
Introduction
Undescended testis (UDT) is one of the most common congenital problems in the male population occurring at an incidence between 1 and 3% worldwide, with incidence up to 45% in preterms. Around 20% are impalpable out of which around 50% are intra-abdominal, 45% ending in remnants while only 5% are inguinal [1] [2] [3] .
At present, diagnostic laparoscopy is the gold standard for evaluating a child with impalpable undescended testis. It is the best way to accurately determine the presence or absence and location of the testis. If the good-sized intraabdominal testis is found, then either a laparoscopy-assisted single-stage orchidopexy or Fowlers-Stephens (single-stage or staged) procedure can be performed. However, if the intraabdominal testis is small and atrophied, then orchidectomy is considered. When the vas and vessels are seen coursing through the inguinal canal, the standard norm is to explore the inguinal canal via an inguinal crease incision. Search is then made to look for structure at the end of these vessels, which may end in the viable testis or testicular nubbin. In this study, however, we explored the feasibility of laparoscopic inguinal exploration without any additional inguinal crease incision. This approach will help avoid any inguinal incision in such cases with the usual benefits of minimal invasive surgery over open surgery.
Materials and methods
This prospective study was done from 1 January 2019 to 30 June 2019, whereby we electively operated on all cases of impalpable undescended testis admitted from our OPD which consisted of a total of 17 patients. After clinical evaluation in the OPD, a clinical diagnosis of impalpable testis was made. On the day before the scheduled surgery, the patient was once again examined during routine clinical examination in the ward and again on the OT table after the child was given general anaesthesia to confirm the impalpability of the testis.
The patient was then prepared in the supine position, and the camera port was inserted via the open method followed by insertion of two other ports on either flank for instrumentation. The decision on how to proceed forward would depend on the laparoscopic findings.
In cases of abdominal testis, either single-stage laparoscopy-assisted orchidopexy or Fowler-Stephens staged was performed depending upon the position of the abdominal testis and degree of mobilization of the testis after dissection.
In cases where testicular vessels were found to course into the inguinal canal through the deep inguinal ring ( Fig. 1 ), the laparoscopic inguinal exploration was done.
The peritoneum was incised all around the vessels coursing into the inguinal canal until we are sure that it is completely free circumferentially. Further distal dissection was done using a harmonic scalpel. Careful and vigilant dissection was done all around the vessels, taking care not to damage the vas and the vessels. The insulated nonactive blade of the scalpel is always kept facing towards the vas and vessels to protect them from contact with direct heat. Tugging and pulling of the vas and vessels is avoided throughout the procedure, thereby avoiding injury risks to the vessels as well as the vas considering the possibility that we might encounter a viable testis. When we felt that we are approaching the end of the vessels in the inguinal canal ( Fig. 2a ), the assistant was asked to gently push the ipsilateral hemiscrotum towards the inguinal canal. This manoeuvre helps in delivering the testicular tissue into the abdominal cavity ( Fig. 2b ). Depending on its status, the decision was made whether to excise or to preserve the testis and further plan for orchidopexy. In our experience, both cases ended in nubbins which were excised. We do not close the deep ring after excision of the testicular nubbin. This approach is similar to that used during the laparoscopic assisted orchidopexy for impalpable testis where we pull the testis down by making a new opening medial to the deep ring. None of our patient has developed any inguinal hernia by leaving the deep ring open. 
Results
There were 17 cases of impalpable UDT operated in the Department of Pediatric Surgery from January 2019 to June 2019. The mean age of the patients was 8.5 years, ranging from 1 to 16 years. Twelve of the 17 patients had unilateral, and 5 had bilateral UDT. Out of 17, 8 patients were found to have high abdominal testis and underwent staged Fowler-Stephens procedure. Six patients had intra-abdominal testis near the deep ring and single-stage laparoscopic-assisted orchidopexy was performed. One patient had blind-ending vas and vessels. Two patients, aged 1 year and 13 years with unilateral UDT, had testicular vas and vessels coursing through the closed deep inguinal ring into the inguinal canal, both of which underwent laparoscopic inguinal exploration. In both of these cases, vas and vessels were found to end in testicular nubbins, at the level of the neck of the scrotum, which were excised laparoscopically, thus avoiding the open inguinal incision. The operative time was 30 min and 28 min, respectively, in the two cases of laparoscopic inguinal exploration, and patients did not need any medication for post-operative pain relief after receiving two doses of the paracetamol at 6 h interval as per our protocol for any laparoscopic inguinal hernia surgery or first stage Fowler-Stephens procedure.
Both of the patients undergoing laparoscopic inguinal exploration were discharged within the next 24 h and were asked to follow up in our department after a week during which the histopathological report of the excised nubbin would have come, none of them showed any evidence of viable testicular tissue.
Discussion
Vanishing testis also known as testicular regression syndrome is a condition whereby an initially normal testis subsequently undergoes atrophy and disappears as a result of intrauterine insult, leaving behind either a blind-ending vas or an atrophied testicular remnant with no viable testicular tissue. This condition is reported to occur in at least 5% of cases of UDTs [4] .
Laparoscopy, being a highly sensitive approach at localizing testis in cases of impalpable UDT, is currently the gold standard in diagnosis as well as surgical management of cases of impalpable intrabdominal undescended testis [5, 6] . Here we propose a similar approach in cases of vanishing testis as well, inclusively in those where the vas and vessels appear to course into a closed deep ring into the inguinal canal.
In cases where the undescended testis is not palpable in the groin, the testis is either absent as evident from the presence of blind-ending vessels or located intra-abdominally or they may be present at the end of testicular vessels that are seen to enter the deep inguinal ring. Such testicular tissue is usually testicular remnants which are too small to be clinically palpable.
When such situations are encountered, the usual step that follows through is to explore the groin to search for the testicular tissue at the end of such vessels [3] .
In 2002, Schleef et al. decided to explore the inguinal canal laparoscopically in those cases where they found that the testicular vessels appear hypoplastic compared to the other side [7] .
He, however, decided on an open inguinal approach for all those patients in whom the testicular vessels appear normal fearing that a laparoscopic inguinal approach would injure the viable testicular tissue that would most likely be encountered at the end of these vessels. Nevertheless, usual practice by all surgeons is to go ahead with an open inguinal exploration via an inguinal crease incision irrespective of the appearance of testicular vessels.
In both of our cases, the deep inguinal rings were closed and normal-appearing testicular vessels were coursing through it. We proceeded forward with laparoscopic groin exploration, taking extra precaution to not injure the vessels, keeping in mind the possibility of encountering a viable testis eventually. Incidentally, both of our cases had nubbins which were excised. We believe that the appearance of testicular vessels cannot predict the viability of testicular tissue at the end of testicular vessels. In clinical practice, it is common to find hypoplastic appearing vessel on laparoscopy end in good-sized testicular tissue and vice versa. Similarly, in both of our cases, the testicular vessels appeared normal in appearance still they were found to end in nubbin.
We can thereby propose that laparoscopic groin exploration is feasible in such cases of impalpable UDTs, irrespective of whether the deep ring is open or closed or the appearance of the testicular vessels. We should always keep in mind that such testicular vessels can end in viable testis, so testicular vessels should be handled gently without pulling and tugging.
There is some debate about the necessity to excise the testicular nubbins. Woodford et al. evaluated the histopathological findings of the excised testicular nubbins. None of the patient was found to have viable germ cells [8] . Based on this, they suggested that the concerns of development of malignant germ cell tumour in the retained testicular nubbins are unfounded and there is no need to excise the testicular nubbins. Still, most of the surgeons prefer to excise the testicular nubbins and laparoscopic inguinal exploration is a good alternative to open inguinal exploration. This study has shown the feasibility of laparoscopic inguinal exploration in two cases, but it needs to be validated by demonstrating its success in various age groups, in different case scenarios and also in the hands of other surgeons and setups. We expect that most of the viable canalicular testis should be palpable when examined under anaesthesia. In the rare scenario when the laparoscopic inguinal exploration leads into a viable testis, we recommend to proceed with laparoscopic assisted orchidopexy. A comparative study is required to compare the laparoscopic versus open inguinal exploration with outcome measures of operative time, post-operative pain, testicular atrophy rates, cosmetic outcome, etc.
Conclusion
It is possible to complete an inguinal exploration during diagnostic laparoscopy without handling of the testicular vessels entering the inguinal canal, thus avoiding the risk of injuring a potentially viable testicular tissue if present. This approach completely avoids the inguinal exploration in cases of impalpable UDT and is an attractive alternative with the added benefits of minimal invasive surgery.
